In this paper, we would like to contribute to the reappraisal of conformal mapping by combining it with Matlab and showing graphically one less-known application of the theory, the calculation of 2D static Green's functions. The impressive graphical facilities of MatLab have been sparingly used, in order not to hide behind sophisticated graphical programming the basic mathematical lines in the codes. By doing that, the author hopes to reduce the risks of this paper becoming quickly obsolete, though it is true that nothing evolves faster than programming languages.
BASIC THEORY
Traditional wisdom suggests that a conformal mapping ( ) w w z = between two complex variables z x jy = + and w u jv = + may provide a successful strategy for the twodimensional Laplace equation if it simplifies the shape and the boundaries of the domain where the equation is to be solved. As it is well known [9] , the complex function ( ) w w z = is equivalent to a set of two real function of two real variables: 
Hence, if f satisfies the Laplace's equation in the ( , ) x y plane, F also satisfies it in the ( , ) u v plane, at least in the points where the Jacobian is not zero: 2 2 0 0
Summarizing, conformal transformations preserve Laplace's equation and this is the essential reason for the interest of using conformal mapping.
A SIMPLE MATLAB PLOTTING ROUTINE
With its very convenient handling of both complex quantities and matrices, a language like Matlab is the ideal programming tool to describe conformal mappings. In the appendix, a complete Matlab script is given to plot the curves in the ( , ) In principle this simple script will work for any conformal mapping, although the original rectangular domain, the number of grid points and several plotting parameters may require some fine tuning for specific complex functions. Figures 1 and 2 show the graphical results for, respectively, the well-known mappings all the w-points having a negative imaginary part. The absolute value of the imaginary part will be used but the real part will change its sign. In other words, we define the mathematical function arccos by the three Matlab instructions: w=acos(z); u=u.*sign(v); v=abs(v).
The new result for the modified mapping is shown in figure 4 . w=exp(acosh(z));
POSSIBLE EXTENSIONS TO OTHER DIFFERENTIAL EQUATIONS
Let us now consider a more general partial differential equation (PDE), namely the inhomogeneous Helmholtz equation in two dimensions:
which includes as particular cases the homogeneous Helmholtz equation ( 0) 
In principle, the presence of the Jacobian in equation (6) is a drawback which could jeopardize any potential advantage of the conformal mapping strategy, since now the new equation is definitely more complicated. However, in addition to the Laplace equation, there is an interesting particular case of the Poisson equation where the Jacobian is not a hindrance. This situation arises when we look for the Green's function of a static problem and hence when the inhomogeneous (source) term in the Poisson equation is a Dirac's delta:
In this case, the generalization of a well known Dirac's delta property [17] to the twodimensional case gives the crucial result:
This property is also related to the Change of Variable Theorem [16] . Therefore we have: ( , ) ( ) ( )
which shows that the Poisson equation for
Green's functions (7) also transform into itself (assuming for the sake of simplicity a positive Jacobian) and can be written in the transformed domain as:
Finally, the Helmholtz equation for Green's functions
becomes only slightly more complicated in the transformed domain:
This correspond to an "inhomogeneous" medium situation, where the wavenumber k would be a function of the coordinates. However, for simple Jacobians , an inhomogeneous medium of simple shape could be still be better than a homogenous medium but with a complicated shape.
The final answer will depend, among other issues, of the analytical or numerical techniques being used and should be carefully evaluated in every case.
CONFORMAL MAPPING AND STATIC GREEN'S FUNCTIONS
In section 3, the results were associated to classical Laplace problems where the "source" is either a set of finite conductors at a potential different from the reference value at infinite (figures 2, 3, 4) or a set of grounded conductors immersed in a constant electric field (figures 1, 5, 6). Now, following the conclusions of the previous section 4, we can try to consider point charges as sources and to study their effect on a set of grounded conductors. This is equivalent to solve analytically the Poisson's equation with a Dirac's delta source term and Dirichlet boundary conditions, and hence to obtain static Green's functions by using conformal mapping.
CHECKING THE PROCEDURE WITH SIMPLE SITUATIONS
To check the validity of the theoretical developments discussed in the previous section, we start with two well-known situations, the right angle wedge and the circular cylinder where analytical solutions are available with no reference to the conformal-mapping procedure.
Line source inside a grounded right angle wedge
Let's start with the problem of an infinite line source inside a dihedral right angle at zero potential (a metallic wedge). In the problem cross section (figure) this wedge occupies the positive parts of the x and y axes and the unit line source becomes the point 0 0 ( ; ) x y as in figure 7 . This is a rather elementary situation. But, let us pretend a sheer electrostatic bluntness and ignore the well known fact that the solution of this problem can be straightforwardly obtained by using image theory (just add three images to the original source, the four sources forming a rectangle centered in the origin of coordinates). Suppose indeed, that our knowledge of image theory reduces to the case of a line source in presence of an infinite ground plane.
Then, we could use the conformal mapping: accounting for the horizontal axis at zero potential and write directly the solution into the transformed plane as:
It is a straightforward but tedious (I will even say painful) exercise, and therefore it is left as an exercise to the reader, to show that when in the above expression we replace 
There is perhaps a better way to convince the modern or the younger reader of the equivalence of expressions (12) and (13) and it consists in writing a short MatLab script. And the sine qua non condition to be convincing is to be concise and to follow strictly and in a transparent way the corresponding mathematical reasoning. Therefore, the script must consist of the following five steps: 
log((u-u0).^2+(v-v0).^2)+0.5*log((u-u0).^2+(v+v0).^2);
The full script (Poisson) is given in the Appendix. It looks much longer but the essential lines are those given above and the rest is essentially comments, checks and plotting instructions. Obviously, when the Green's function is available via another method (in this case "advanced image theory") it is useful to compute the alternate expression of the Green's function and to check that we obtain the same numerical results by computing the error between both expressions.
The results are graphically depicted in figure 8 , which show quite convincingly that the procedure is correct. As a check, the difference between the conformal mapping result and the alternative image formulation with four sources in the original ( , )
x y plane formula (corresponding to the parameter error in the script Poisson of Appendix ) is within the numerical noise (<10 
A line charge facing a metallic grounded circular cylinder
This is another classical problem. We use the conformal mapping 1/ w z = to transform the circular cylinder into a plane. Let's consider in the problem's cross section (figure 9) the cylinder represented by a circle of radius R with its center at ( ;0) R . The unit source will be at the point 0 0 ( ; 0) x y = . 
Again, it is straightforward (?, try it!) to check that this solution, when transferred back to the original plane, is identical to the traditional solution which adds a negative unit image at The conformal mapping results are graphically depicted in figure 10 , which show quite convincingly that the procedure is correct. As a check, the difference between the conformal mapping result and the alternative formulation replacing directly in the original ( , ) x y plane the cylinder by an image source formula is again within the numerical noise (error<10 w=1./z;
MORE INVOLVED GREEN'S FUNCTIONS EXAMPLES
We move now to problems which lack an analytical solution by other elementary methods, and we consider several interesting examples where a line source is 1) inside parallel plates, 2) in the presence of an elliptical cylinder and 3) facing a slot in a ground plane. ( ; ) u v This closed form is to be compared with a traditional solution using an infinite set of images, given by: 
A line charge inside two grounded parallel plates
The figure 12 shows the exact results obtained with a conformal mapping. Using the infinite series, the average relative error is 4.3%, 2.2% and 0.9% for respectively n=10, 20, 50. This slow convergence shows clearly the interest of conformal mapping. 
A line charge paralle to an elliptical cylinder
The conformal mapping arccos( / ) w z d = must also be useful for the case of a line source inside or outside a grounded elliptical cylinder. In the cross section, the cylinder will be represented by an ellipse of semi-axes a and b (with Since our original source is outside the ellipse, the transformed source is outside the region limited by the parallel lines e v v = . If we were facing a physical situation, the grounded infinite plane closer to the source would fully screen it and would make the second ground plane irrelevant. Hence, we would need to consider in the cross section (figure 13) only the grounded line which is closer to the source. Moreover, since Matlab will give us a single solution for the transformed source point 0 0 ( ; ) u v , we could be tempted (naively) to write as solution:
But then, using our Matlab script Poisson, we would obtain the surprising result of fig There are two mistakes in the implementation leading to this result and both are due to the fact that the function acos is multivalued and that every z point transforms into an infinite set of w points. First, it is obvious from fig. 14 that our solution does not see the points outside the ellipse but on the lower half-plane ( 0) y < . We have mentioned that, although the ellipse is transformed into two horizontal lines, in the case of a source outside the ellipse, we will need only to take images respect to the horizontal line closer to the transformed source. Since 
When these two modifications are implemented, we obtain correct results, as shown in figure  15 , where the infinite sum has been truncated to n=20. Adding a new iteration produces a relative change in the values whose maximum value is 0.0002, so n=20 can be considered more than enough for most practical purposes. The treatment of an internal source (line inside a grounded elliptical cylinder) is similar, but not identical to the external source problem and also leads to very interesting implementation problems. Following our usual policy, it is also left as an exercise for the committed reader.
A line charge parallel to a grounded metallic strip.
Obviously, the finite strip of width 2d is included as a degenerate case of the elliptic cylinder discussed in the previous section. Therefore the unique modification in the formula (20) is that now 0 e v = . Figure 16 shows the convincing analytical result. 
where, again, it wouldn't be difficult to introduce the original coordinates ( , ) x y . The figure 18 shows a typical result with the line source above the edge of the infinite slot. accept the today not so popular complex variable and partial differential equations subjects, while providing them with challenging exemples to further develop their programming abilities. It is just a sad and regretful affair that the quaternions of William Rowan Hamilton and other similar mathematical ideas of past centuries never evolved into an efficient and powerful theory of hypercomplex numbers. This would have fulfilled one of the most cherished dreams of the electromagnetic aficionados: to compute three-dimensional Green's functions due to point sources with the same ease than the two-dimensional ones shown in this paper. 
